Cyanide poisoning results in cytotoxic hypoxia due to the inactivation of mitochondrial cytochrome oxidase. The pathophysiology of this intoxication is discussed and antidotal therapies are examined and contrasted.
INTRODUCTION
Cyanide poisoning is not a common clinical problem. However, as large quantities of cyanide containing compounds are imported into Australia for industrial purposes, there is a constant risk of accidental intoxication. Further, these compounds are readily obtainable and may be self administered in suicide attempts.
Case Report 1
A 35-year-old male prisoner was brought to hospital at 10.45 p.m. by police who reported that the patient had ingested an unknown quantity of cyanide 10 minutes previously. The patient was unconscious, sweating profusely and tachypnoeic with a definite odour of "burned almonds" detectable on his breath. There was a reaction to painful stimuli and all reflexes were present. An endotrachial tube was inserted and 100 per cent oxygen administered. A nasogastric tube was passed and the gastric contents aspirated. Blood gas studies (Table ] ) demonstrated metabolic acidosis with respiratory compensation.
Estimations of the blood sugar level were in normal limits. The electrocardiogram showed sinus rhythm.
Intravenous fluids (isotonic 4 per cent dextrose in saline) were administered and a total of 700 mEq of sodium bicarbonate was given to control the metabolic acidosis. No specific antidotes were available in the hospital and general supportive measures were applied while these were being obtained. In spite of. this delay, the general condition of the patient was observed to improve.
At 11.50 p.m., 65 minutes after admission, amyl nitrite inhalation was commenced and a total of 11 ampoules (0· 2 ml) was administered. Two hours after admission, 600 mg dicobalt EDT A and 50 ml of 50 per cent glucose were given intravenously. This was followed by marked generalized flushing and the sudden development of atrial fibrillation with ventricular ectopic beats. Digitalis was given and sinus rhythm was restored. Following intravenous dicol:Jalt EDTA the level of consciousness improved slowly. He was extubated at 2.15 a.m., 2t hours after admission and he was rational 2 hours later.
Twenty-four hours after admission the patient was conscious and cooperative. Serum electrolytes were normal apart from hypocalcaemia (8·0 mg/100 ml) and hypomagnesaemia (1·9 mg/ 100 ml). Blood gases and cardiac enzyme studies were in normal limits and the electrocardiogram showed sinus rhythm.
Blood cyanide level was 0·6 mg/100 ml blood (serum level 0·1 mg/100 ml). The gastric aspirate gave a strong reaction for cyanide.
Case Report 2
A man and his wife, both unconscious, were brought to hospital by ambulance at 7.00 a.m. The husband had ingested an unknown substance after finding his wife in an unconscious state due to an overdose of sedatives. per et'Ilt dextrose was commenced intra-\'l~Ilousl y at 7 .~o a. n1. and repeated at K.l.-) a.m. I ntran'n()us hycimcortisone 100 mg. The patient responded rapidh' to this treatment and he wa:; able to answer question:; at H.OO a.lll. HC)\\'e\'er, it was noted that Ill' had angioneurotic oedema of the periorhital tis:;ue:; and the tongue. The cardiac rhythm was sinu:; and serum dectrolytes, including serulll calcium were normal. The blood L"\'anide le\"l'l was 0, 0:2 mgi 1 00 ml blood and th"e :;erum len'l was reported as " a trace of cyanide". The gastric aspirate was positive for c\'anide and the poison container was found to ha H' traces of sodium cyanide. Because n'anide ingestion 1)\' the m,u/s wife could not be excluded, it was decided to administer dicobalt EDTA and 50 per cent glucose. Thi:; produced no imprm'e- Hydrocyanic acid or compounds releasing cyanide ions act as a poison because free cyanide ions react with enzymes containing iron in the trivalent form. Cyanide ions combine with and paralyse the functIon of the trivalent iron atom in mitochondrial cytochrome oxidase and an inactive cyanide cytochrome oxidase complex is formed. In this way electron transfer through the flavoprotein c~,tochrome oxidase system is blocked and oxygen uptake in the tricarboxylic c\Tlc is prevented. ~\lternative pathways for energ\' production come into action but are inefficient and unless the reaction of intoxication is reversed by prompt antidotal therapy, generalized ll\'poxic cell death will result.
The cytochrome oxidase-("\'anide complex i" dissociable due to the effect;-; of a second m i toe hondrial enZ\'Ille, rhodanese. The enzyme tran:;fers sulplmr hom endogenous thiOSUlphate to ("\'anide producing relatively non toxic thio("\'anatc which is rapidh' excreted. Cytochrome oxidase is released so that normal cellular respiration is restored. This is the major pathwa\' for excretion of the small amounts of cyanide normally ahsorbed as in the production of c\'anocobalamin (\'itamin BI2)' During cvanick intoxication thi" reartion 
.llIal'sthl's;a alld III/nls;I'1' Ca,.,', 1',,/. 11, So. ,I. S""fmber, ifll·J proceeds but is limited by the small concentration of endogenous thiosulphate available in the body.
:Minor pathways for the excretion of cyanide include the conversion of hydroxycobalamin to cyanocobalamin (Vitamin B 12 ) and the excretion of hydrocyanic acid vapour in the expired air. This becomes important in the clinical diagnosis of cyanide intoxication, as the hydrocyanic acid excretion in expired gas produces the characteristic odour of " burned almonds".
The consequences of cyanide intoxication depend upon the rate at which cyanide ions enter the blood. Inhalation of concentrated hydrocyanic acid vapour is associated with rapid transfer of ions to the blood so that symptoms develop in seconds and death may occur in minutes. Absorption after oral ingestion of cyanide compounds is less rapid and cyanide ions are first carried in the portal blood to hepatic cells, the main site of rhodanese activity.
LETHAL DOSE OF CYANIDE
In adults the lethal dose of hydrocyanic acid is 50 mg while that of ingested cyanide salt is 250 mg which is associated with a blood level between 0,25-0 ·.10 mg!] 00 ml.
CYANIDE INTOXICATION --SICNS AND SYMPTOMS
Industrial accidents often in volve inhalation of hydrocyanic vapour while attempted suicide involves the ingestion of cyanide salts. Following inhalation of hydrocyanic vapour or the ingestion of a lethal quantity of cyanide compound the patient experiences giddiness, headache and palpitations before losing consciousness.
The physical signs on clinical examination are-Odoltr of "burned almonds" in exhaled gas due to excretion of hydrocyanic acid. Tachypnoea--Low concentrations of blood cyanide produces anoxic stimulation of the carotid chemoreceptor so that both tachypnoea and hyperpnoea are characteristic and early signs. The patient does not develop cyanosis until central anoxic depression of the respiratof\' centre occurs and this constitutes a iate sign of serious intoxication.
Cardiovascular Changes
Cytotoxic hypoxia of myocardial cells produce serial E.C.G. changes. These changes have been studied in human volunteers and on prisoners undergoing capital punishment (Wexler 1947) .
Central Nervous Changes
Loss of consciousness occurs early and is followed by central depression of vital centres. Asphyxial convulsions occur before death.
TJ{EATMENT OF CYANIDE INTOXICATION

General Jfeasurcs
General supportive measures such as endotracheal intubation and care of the unconscious patient, are performed as indicated. A nasogastric tube should be inserted and, after taking a sample for analysis, activated charcoal administered. If charcoal is not available gastric aspiration and lavage should be per~ formed. :\[onitoring of the cardiovascular system (pulse, blood pressure, E.C.G., hourly urine output), serial blood gas measurements, and methaemoglobin estimations are essential. Heparinized whole blood should be taken for toxicological studies.
Administration of Oxyge1/
The place of oxygen administration in the treatment of cyanide intoxication is disputed. Cellular respiration is depressed because of the inactivation of cytochrome oxidase and cytotoxic hypoxia occurs in spite of a normal partial pressure of oxygen in the tissues. It would be anticipated therefore that oxygen administration would serve no useful purpose and the experiments of Warburg (1925) supported this view. However, Paulet (1965) and other workers showed that a variety of experimental animals, poisoned by sodium cyanide, could be resuscitated by oxygen therapy alone. This is well illustrated in Case Report 1 in which the administration of 100 per cent oxygen and the reversal of acidosis was the only treatment given for 2 hours prier to the administration of the antidote.
It has been shown that oxygen consumption falls after cyanide poisoning. After successful antidotal treatment, oxygen consumption rose sharply and exceeded pre-poisoning levels (Paulet 1961) . This indicates that a tissue oxygen debt had been incurred. The successful management of a case of massive cyanide poisoning by amyl nitrite, sodium thiosulphate and hyperbaric oxygen has been described (Trapp 1970) .
It would seem that the administration of 100 per cent oxygen must be regarded as an important part of treatment.
Treatment of Acidosis
When the tricarboxylic acid cycle is blocked, pyruvate is anaerobically converted to lactic acid and metabolic acidosis results. Serial blood gas analyses should be performed and sodium bicarbonate administered accordingly.
SPECIFIC ANTIDOTAL MEASURES
There are two types of antidotal treatment-(a) Classical treatment consisting of sodium nitrite and sodium thiosulphate administration which diverts cyanide from cytochrome oxidase and liberates the enzyme to resume normal cellular respiration. (b) Use of substances which have a stronger affinity for cyanide than the cytochrome oxidase system thereby preventing or reversing enzyme inactivation. Cobalt containing compounds are used.
SODIUM NITRITE AND SODIU:'.! THIOSULPHATE Administration of sodium or amyl nitrite reduces oxyhaemoglobin to methaemoglobin, the trivalent iron atom of which then reacts with cyanide ions to form cyanmethaemoglobin which is relatively non toxic.
TOXIC REACTION
Cytochrome Oxidase + Cyanide ions ->-Cytochrome--Oxida.,e Cyanide Complex. Actual detoxification is achieved by the administration of thiosulphate which, under the influence of rhodanese, reacts with cyanide to produce thiocyanate, a relatively non toxic substance readily excreted in the urine. Tissue rhodanese is present in sufficient concentration to convert large amounts of cyanide to thiocyanate but the reaction is limited by the low concentration of endogenous thiosulphate. These reactions are summarized in Figure 1 . It should be noted that the final reaction is slowly reversible through the action of an additional enzyme, thiocyanate oxidase, and this may be the explanation of return of signs of toxicity following initial successful therapy.
THERAPEUTIC REACTION
TREATMENT WITH COBALT COMPOUNDS It has been known for many years that cobalt containing compounds are capable of producing stable cobalticyanide complexes which are relatively non toxic. The use of cobalt compounds was limited by its own toxicity and cobalt salts which are readily dissociable are thus too toxic for use. However, cobalt chelates which do not release cobalt ions but which can still react with cyanide ions are now available. Dicobalt ethylenediamine-triacetic acid (Co 2 EDTA, cobalt edetate) is considered to be the agent of choice and intravenous administration in normal humans is well tolerated. \Vhen injected intravenously in the presence of cyanide ions any toxic potential of cobalt is further reduced by the formation of cobalticyanide complexes, an interesting example of mutual antagonism and detoxification. CO 2 EDTA has a higher affinity for cyanide ions than cytochrome oxidase and will both absorb free cyanide ions and release cyanide from the cytochrome oxidase cyanide' complex. Thus both circulating and tissue fixed cyanide are chelated.
COMPARISON OF TREADiEl'T WITH DICOBALT
EDTA AND WITH SODIUM NITRITE AND THIOSULPHATE Sodium nitrite and sodium thiosulphate antidotal treatment have the following disadvantages:
(1) Time of onset of action-the complex steps of detoxication are time consuming and irreversible cerebral damage may occur in the interval.
(2) There is doubt that methaemoglobin is capable of reacting with both unbound and bound cyanide in the body. (3) Sodium nitrite causes hypotension. There may be difficulty in the differential diagnosis between iatrogenic hypotension and hypotension from other causes, including cerebral vascular accident.
Anaesthesia and Intensive Care, Vol. II, No. 4, November, 1974 (4) Methaemoglobin blood levels must be monitored to ensure that toxic concentrations are not produced. There are case reports of death in children from this source (Berlin ] 970). The effects of high methaemoglobin concentrations are that the oxygen carrying capacity of the blood is reduced, and the oxygen dissociation curve of residual oxyhaemoglobin is shifted to the left thus diminishing the supply of oxygen to the tissues. 
Amyl Nitrite
Use if delay in institution definitive treatment: One 0·2 ml amp inhalation every 5 minutes.
Sodium Nitrite
Adults and children more than 25 Kg-: 300mg IV!. Children less than 25 Kg: 10 mg Kg IVI.
Sodium Thiosulphate
Adults and children more than 25 Kg: 12·5 G IV!. Children less than 25 Kg: 50 mg per Kg IVI. 5. If symptoms persist or reappear-Administer half initial dose. 6. Monitor methaemoglobin levels.
Toxic effects of methaemoglobin are produced at levels of 40 per cent and the lethal level is 75 per cent of the total haemoglobin. It will also be obvious that the actual dose of sodium nitrite is influenced by body weight and concentration of haemoglobin for toxic methaemoglobinaemia occurs more readily in anaemic subjects. The therapeutic ambition is to produce approximately 25 per cent methaemoglobinaemia with an initial dose of sodium nitrite, increasing this to a total level of 40 per cent should evidence of cyanide intoxication persist or reappear. Amyl nitrite may also be used for this purpose.
Specific treatment regimes are summarized in Tables 3 and 4 . DISCUSSION Review of the literature indicates that dicobalt EDT A is more specific and accompanied by none of the side effects described as complications of the classical sodium nitrite and sodium thiosulphate antidote. The use of sodium thiosulphate as a prophylaxis in personnel at risk has been suggested as has its use in the management of cases of cyanide poisoning in combination with dicobalt EDTA. On theoretical grounds both agents would seem to be complimentary and not contra-indicated.
The treatment schedule advised is that summarized in Table 4 . In addition the administration of sodium thiosulphate in cases of severe poisoning could be considered.
In the first case described a lethal dose of cyanide was ingested and in spite of delay in the administration of a specific antidote the outcome was favourable and not accompanied by obvious sequelae. In fact a definite response had been noted as a result of general supportive measures and it seems that administration of 100 per cent oxygen and treatment of the metabolic acidosis was important. It is probable that metabolic acidosis contributes to the hyperpnoea in these patients.
It is likely that the cardiac arrythmia which followed the use of dicobalt EDTA in this patient was caused by or contributed to by chelation of divalent calcium ions and it is interesting that obvious myocardial ischaemia (as indicated by serial E.C.G. and cardiac enzymes) were not present although it cannot be entirely excluded as an arrythmogenic factor.
It is important that heparinized whole blood be submitted for analysis as most of the cyanide is in combination with methaemoglobin.
Although cyanide poisoning is an uncommon occurrence, the specific antidotes should be maintained in the casualty departments of hospitals.
